Competition between RNA3 from alfalfa mosaic virus (AIMV) strain S (RNA3-S), strain B (RNA3-B) and strain 425L (RNA3-L) was studied. The identification of the RNA3 species multiplying in infected leaves was possible since the RNA3 5' noncoding leader sequences in strains S, B and 425L differ in length. RNA3 present in total RNA from infected tobacco leaves was detected, and strains were identified from the length of the cDNA reverse-transcribed from RNA primed with a specific oligonucleotide. In competition experiments the inoculum, containing known amounts of RNA1, 2, 3 and 4 of one strain, was complemented with various amounts of heterologous RNA3 and inoculated to a systemic host. It is shown that RNA3-S was better replicated in vivo by the A1MV replicase of strain B than was RNA3-B itself, and to a lesser extent better replicated by the AIMV replicase of strain L than was RNA3-L. Comparison of genetic information carried by the RNA3 species present in the inoculum suggests that the more efficient multiplication of RNA3-S is related to the structure of the leader sequence of RNA3-S.
(5'-TAGCTGATTAGGACCCA-3') was synthesized (Applied Biosystems) which was able to hybridize with each species of RNA3. This priming occurred in the P3 open reading frame, 113 nucleotides downstream of the initiator AUG in strain S, in a region fully homologous to the S and L sequences and with, in strain B, a single mismatch with nucleotide A at position 10 in the primer. The lengths of the cDNA reverse-transcribed after priming were 364, 437 and 469 nucleotides for strains B, S and L, respectively. Thus the strain origin of RNA3 could be determined from the analysis of the cDNA in an 8 ~ sequencing gel prepared according to Ansorge & Labeit (1984) .
Primer specificity was investigated by analysis of the length of radioactive cDNA obtained after priming and reverse transcription on RNAs extracted from young tobacco leaves (pRNA), 3 to 5 cm in length, infected with strain B (pRNA-B), with strain 425L (pRNA-L) or with strain S (pRNA-S) (Fig. 2, lanes 1 to 3) . Primer extension reactions were carried out in 1.5 ml microcentrifuge tubes containing 3 ~tl of 100 mM-Tris-HC1 pH 8.3, 16 mM-MgC12, 12 mM-KC1, 500 ~tM each of dCTP, dGTP and dTTP, 4 pmol 17-mer primer, 2 units reverse transcriptase (Life Sciences), 1 ~tCi [a-32p]dATP (400 Ci/mmol) to which 3 ~tl p R N A (approx. 4 ~tg) was added. After incubation for 10 min at 37 °C, 1 gl 1 mM-dATP in 50 mM-Tris-HC1 pH 8.3, 8 mMMgC12, 6 mM-KC1 was added and incubation was continued for a further 20 rain. The reactions were stopped by adding 3 ~tl 8 0~ deionized formamide, 1 mM-EDTA, 10 mM-NaOH, 0-1~o xylene cyanol and 0.1 ~o bromophenol blue and then heating for 3 min at 90 °C. Portions of 3 ~tl were loaded onto sequencing gels for analysis. RNA3 was detected in each pRNA sample and the pattern of cDNA bands allowed easy discrimination between the A1MV strains. The RNA3 of each strain was characterized by a full length run-off cDNA indicated as B, L and S in Fig. 2 and by additional characteristically shorter cDNA bands (indicated as B', L', S') arising from pauses or stops during reverse transcription. Primer extensions on an artificial mixture containing half volumes of pRNA-B and pRNA-S (lane 4) or of pRNA-L and pRNA-S (lane 5) showed that RNA3 of each strain could be identified even if both RNA3 species were present in the same sample. The different amounts of RNA3 in the particles of different virus strains ( Fig. 1 ) and the previously reported experiments, showing that RNA3-S is more efficiently produced than RNA3-B even if the inoculum contains larger amounts of RNA3-B (Dore , prompted the question of whether these properties of RNA3-S are related to some specific parts of the viral genome. Therefore, investigations were carried out to see whether RNA3-S behaved similarly in competition with RNA3-L. Virion R N A s of the three strains were inoculated in tandem on young tobacco leaves: 7.2 ~tg of RNA-B and 2.2 ~tg of RNA-S or 4 ~tg of R N A -L and 2.2 ktg of RNA-S.
The amounts of RNA3 synthesized in inoculated leaves were assessed from the radioactivity in the full length c D N A obtained after priming and reverse transcription (Fig. 2, lanes 6 and 7) . The results showed only c D N A bands corresponding to RNA3-S. This could indicate that RNA3-S was more efficiently produced in the presence of either RNA3-B or RNA3-L, and the related other virion RNAs, suggesting that two R N A 3 molecules of different strains, but carrying the same functions, are not produced to the same extent. The high level of RNA3-S could also reflect a higher resistance of this R N A towards exonucleolytic degradation at the 5' end. This is, however, less likely since all R N A 3 species have the same cap structure with a 5' end structure equally accessible (Godefroy-Colburn et al., 1985) . In these experiments it was difficult to assess the amount of each R N A species present in the inoculated virion R N A preparation. Therefore, in order to evaluate the ability of RNA3-S to compete efficiently with RNA3-B and RNA3-L, experiments were carried out using known amounts of R N A 1, 2, 3 and 4, purified from virion R N A s by separation in 1 ~ agarose slab gels (300 x 400 x 4 mm) for 20 h at 200 V in 50 mM-Tris-borate, 2 mM-EDTA, pH 8.3. The R N A species were located and electro-eluted as previously described . The standard concentration of purified R N A s in the inoculation mixture, prepared with R N A s either from strain B (mix B) or from strain L (mix L) for in vivo assays was R N A I 1-47 ~tg, R N A 2 1.2 ~tg, R N A 3 0-9 ~tg, R N A 4 0.46 gtg in 20 I.tl. Interaction between RNA3-S and RNA3-B or R N A 3 -L was investigated by adding 0.009 ~tg or 0-018 ~tg of challenge RNA3-S to mix B or L. These amounts of RNA3-S correspond respectively to one or two molecules of RNA3-S per 100 molecules of RNA3-B or R N A 3 -L in the inoculation mixture. The content of R N A 3 in the various inoculated mixtures, shown in lanes 1 in Fig. 3 and of the p R N A extracted from inoculated leaves 5 days after inoculation with these mixtures in lanes 2 and 3 (Fig. 3) , was estimated by primer extension. In each lane of Fig. 3 the bands corresponding to the full length c D N A of two R N A 3 species can be identified and the ratio of their radioactivities estimated on the autoradiogram. The comparison of this ratio in the inoculated R N A mixture and in the corresponding p R N A sample indicated which R N A 3 species was the most abundant. The amount of full length cDNA arising from extension on RNA3-S present in each inoculation mixture used was very low compared to that of RNA3-B (Fig. 3a and b, lanes 1) or RNA3-L (c and d, lanes 1) and reflected the molar ratio of these RNAs in the inoculum. This proportion was reversed in pRNA from inoculated leaves as shown in lanes 2 (a and c) in which the inoculated mixture contained one RNA3-S molecule for 50 of RNA3-B or RNA3-L. The same result was obtained with an inoculum in which the molar ratio RNA3-S/RNA3-B was 1/100 (b), but when RNA3-L was present in an RNA3-L/RNA3-S mixture at a molar ratio of 100/1 in the inoculum only bands characteristic of RNA3-L were found (lane 2 in d), showing that it was able to compete successfully with RNA3-S. These results indicate first that RNA3-S was more efficiently replicated in the presence of RNA1 and 2 of strain B or L than was the homologous RNA3, and secondly that RNA3-S competed with RNA3-B more efficiently in these experiments than it did with RNA3-L. The latter point was confirmed after primer extension on pRNA from inoculated leaves infected with RNA mixtures in which RNA3-B and RNA3-L were present in equal amounts: 0.9 ~g of RNA3-L was added to mix B (Fig. 3 e, lane 2) , or 0.9 ~tg of RNA3-B was added to mix L (Fig. 3e, lane 3) . Primer extension on the RNA3 present in one of the inocula used (Fig. 3 e, lane 1) showed that full length cDNA corresponding to RNA3-B was more abundant than that of RNA3-L. However, on the basis of optical density, since the amount of RNA3-L and RNA3-B used was the same and since there was one mismatch with the primer on RNA3-B, this difference could correspond to more efficient extension on RNA3-B. In Fig. 3 (e) lanes 2 and 3, however, only L and L' cDNAs bands were present, suggesting that RNA3-L was able to compete efficiently with RNA3-B.
These results established the competition order S > L > B between RNA3 species, which is different from the order of RNA3 abundance for strains B and L (Fig. 1) . Assuming that the different RNA3 species are equally stable, this probably reflects different affinities of replicase and/or transcription efficiencies for the different RNA3 species present in the inoculum. It is also possible that the biological activity of RNA3-S is much higher than that of RNA3 from the competitor strain, since the initial stages of infection would involve RNAI and RNA2 of strain B and RNA3-S. Another possibility is that the products of RNA3-S could direct the replicase preferentially to RNA3-S. This effect could be small in the beginning, but would be selfamplified by the increasing abundance of RNA3-S.
The mechanism of viral RNA replication is not yet well understood; however, observations on A1MV RNA replication in protoplasts indicate that RNA1 and RNA2 encode the information for their own replication (Nassuth et al., 1981) . In addition, a regulatory function was proposed for the P3 or P4 protein, coded for by RNA3, in the balance of positive strand and negative strand RNA synthesis (Nassuth & Bol, 1983) . Table 1 shows a comparison of the nucleotide and amino acid changes along the different regions of RNA3 in the three strains. Comparison of the already published sequences of RNA3-L (Langereis et al., 1986) and RNA3-S (Ravelonandro et al., 1984) and of parts of the RNA3-B sequence (to be published) shows only point modifications in the coding and the 3' non-coding regions, the intercistronic sequence being unchanged. In the competition experiments reported above the genomic RNAs and RNA4 of the competitor strain (B or L) were always present in excess over the challenger RNA3-S, implying that most of the proteins involved in the replication process were of B or L type. It therefore seems unlikely that the RNA3-S-coded proteins were the cause of the predominance of RNA3-S but seems more likely that this predominance was related to the sequence of RNA3 itself.
The major differences between RNA3s are in the leader sequence; the RNA3-S leader differs from that of RNA3-L essentially in the absence of an A-rich region and in the presence at the 5' end of RNA3-S of a 38 nucleotide sequence which is homologous to the 5' end of RNA1 (Langereis et al,, 1986) . The RNA3-B leader sequence is different from both the RNA3-L and RNA3-S leaders: it differs from the RNA3-S leader principally in the 38 nucleotides at the 5' end and by the absence of one 56 nucleotide long duplicated region, and from RNA3-L leader by the absence of the A-rich region and the absence of one 76 nucleotide duplicated region (Langereis et al., 1986) .
Keeping in mind that the leader region of the plus strand RNA is complementary to the 3' end of the minus strand where transcription initiation takes place to yield plus strand RNA, it is likely that this region carries features essential for RNA recognition by viral replicase. Therefore, since the leader is the most variable region, the differences existing between the leader regions of the three RNA3 species could probably explain the results of the competition experiments presented here. However, to be sure that cell-to-cell spread is not involved in the competition, it will be necessary to repeat the experiments using protoplasts instead of whole plants. The use of transcripts of RNA3 with modified leader sequences will be helpful in further investigations and will allow identification of the sequence elements that determine the amounts of RNA3 and RNA4 in the virions.
